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AERODYNAMIC PROBLEMS OF STOL AIRCRAFT #

R, J. Ceresuelsa %%

The desire of reducing the duration of aircraft flights JUleed

——

has led to a research effort involving the concept of short
takeoff and landing ailrcraft (STOL). These aircraft are

capable of discharging and accepting passengers in the immediate
viecinity of cities.

The STOL is characterized by high 1ift, which means that
the aerodynamiclst must combine both aerodynamic problems and
structural and propulsion problems. Also it 1s necessary to
consider new conditions of acceptabillity for the population on
the ground.

4 number of specific aerodynamic problems are involved and
a discussion will deal with some of them,

* Lecture presented on October 10, 1972 in Vienna, Austria

at the Second International Student Conference of the International
Astronautical Congress. The translation from English to Frgnch was
perfermed by B, Debout, Armament Engineer. (The English slides
shown at the lecture are reproduced here,) The initial English
version will appear in the Astro Student Review of the ATIAA,

* Engineer at the O0.N.E.R.,A. 92320 Chatillon.

*EE Numbers in the margin indicate pagination of original
foreign text,



For several years, efforts to reduce the alr times have led
to the realization that an ever-increasing part of the "door to
door" time of a trip inecluded ground transportation at the
departure and arrival points as well as waiting times at the
alrports. From thithhe idea of locating small airports in
the immediate vicinity of the main cities eveolved. Alsc the
development of V/STOL vehicles began to evolve. Numerous proto-

types were constructed and a summary is gilven in [1].

A number of factors have delayed the realization of such
systems up to a few years ago. First of all, the voluminous
V/STOL generation developed in the past exclusively contained

only two types of aircraft:

- aireraft with vertical thrust, for which the propulsion
systems and the motors, or even the entire wing, were
rotated for the crulse flight,

- airecraft with jet deflectors,

These aireraft were all noisy and not very economical.*
From the point of view of economy, and independent of the
development costs assoclated with such complex machines, it
should be noted that all aircraft which can perform stationary
flight will have characteristics in between the followlng two

extreme cases.

The Breguet 941, which is at present flying in the United
States with the designation Mac Donnell Douglas 188, is at
present being developed for STOL operations, Also future guide-
lines are being developed on the basis of thils aircraft. It
seems that this aircraft will not satisfy them for two reasons,
Its development is limited to the velocity specificatlons of
the new STOl generation Mmax> 0.7. This was made possible
by the development of supercritical profilile wings.



The first case is the helicopter, which can fly for one
hour with a total weight of 10,000 pounds and which will consume
500 pounds of fuel [2)]. The other extreme is the pure turbojet
which consumes approximately its weight in fuel during a flight
of this duration. Those of us who have| carried out tests
with such machines know about their noisy characteristics and
the delicate pilot functions. Because of thelr flight character-
isties, they are almost impossible to fly, as a large number of

fajilures has shown.

The general feeling at the present time regarding the
development of convertible type V/STOL aircraft is that it
will be done in the next decade, This is true at least for
civilian applications. However, because of the recent progress
in large dilution motors which offer important possibilities for
the distribution of air for high 1ift configurations and be-
cause of the improvements in the noise characteristics assocla-
ted with these high rates of dilution: we believe that now more
than ever it is possible to again consider short takeoff and
landing aircraft.

Noise

In order to place the aerodynamic problems associated with
STO0L aircraft in perhpective, it is appropriate to briefly
recall the noise situation. During the 50's, the filrst
appearance of jets made 1t necessary to define a scale which
connected the new noise levels, measured in dB to the human
annoyance levels: this was called PNdB or the "Perceived Noilse
Unit™".

At the beginning of the 60's the number of Jet alrcraft

increased. Also a noise exposure value was 1introduced, the



"Nolse and Number Index". Towards the middle of the 60's,
efforts were made to include any operations in the parameters
used to describe the noise, Today, a universal unit used for
certification purposes is the "Effective Perceived Noise Unit"
(EPNAB) which relates the human response to the character {(that
is to the spectrum),|to the durationjand to the level of the
noise. How much can we tolerate? A rough answer is 115 EPNdB
during the day and 105 EPNdAB at night. Let us remember that 10 dB
1s a factor of 2, The SPAR regulation specifies a maximum EPNAB
which differs according to conditions: lateral position and
axial position (approach and takeoff); in each case the maximum

mass depends on this wvalue,

For the lateral noise and the noise during approacthhe
average values are 102 EPNdB for 300 tons, and the corresponding
values for takeoff are 93 to 108. The goal is to reduce these
values by between 10 and 15 EPNAB beginning in 1980 [3],

There are two reasons why the nolse problem is a peculiar

problem for STOL type aircraft,

- one reason 1s simply relocation of airports. It is pre-~
dicted that the distance between the population and the
airecraft could be reduced to about 500 feet at the takeoff

point.

- The other reason is the fact that in contrast to classical
ailrcraft, the approach and descent will be performed under
full power, in order to provide the reguired high 1ift.

Even though the approach and takeoff inclinations will in-
crease, the altitude gain will not suffice for completely com-
pensating for the reduction in distance between the aireraft and
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the population.

If we examlne the characteristics of various STOL projects,
we can see that the final trajectories of most STOL alrcraft are
limited because they are not capable of developing the continuous
aerodynamic forces required for deceleration down fto low velocities
while carrying out a rapid descent, The drag/lift ratio must be
increased in order to overcome this limitation without sacrificing

the 1ift at low velocities.

This result i1s a conseguence of the relationship:

) dv/dt
C,/C; = tan (-7 - g cos -7 '

The maximum descent angle (-y) 1s obviously obtained for
= 0 {stabilized approach)

ok

{—7)max = tan 1 ‘CK/CZ}VmBX I‘l

This requirement is complicated because of other require~
ments associated with the behavior of the alrcraft in the
presence of gusts [4,5]. These requirements are a consequence of
Chapters 21 and 25 of the ¥,A.R. regulations., They cannot be
completely described here. However, many of them directly 1n-<
fluence the aerodynamics. For example, for a typical 5° descent,
it 1s necessary to have 10° incidence margins and 30% velocity
marglins with respect to stall conditions, for the case where
one motor fails (stated otherwise, the approach velocity is 1.3
times the .stall velocity, which amounts to a difference of
about 20 knots). Because of the possibllity of a missed landing,
it is necessary to be able to reduce the descent velocity to zero
using three motors at full power. The reduction in the flap
settings from 50° to U40° must be enough to obtain a vertical
positive veloeity for a restart and a new approach, In addition,
[6], a horizontal gust from the worst direction with an intensity
equal to 50% of the wind veloclty, or a vertical gust having an

|



intensity of 25% of the wind velocity, should not lead to an
altitude loss of more than 35 féet. Also these factors cannot
bring about a change in the load factor of more than 0,30 g,

nor loss of control, nor changes in the inclination angles,

nor changes in the longitudinal trim angles greater than 15 and 5

degrees, respectively.

All these restrictions make it necessary to fly the "front
part" of the polar, quite far away from the stall incidence
and this means that it is desirable to have a high D/L ratio.

The noise and the specifications for approach have a much
more noticeable influence on the aerodynamic concept of STOL
aircraft than in the case for classical aircraft. This is true

even for their wing and for their flap design.

The aercdynamic problems

The 1ift ccoefficient of classical aircraft in the landing-
configuration is about 3. This is reduced to 1,80 to 2 because
of various safety margins (gusts, etec.)}. Short landing reguires
an increase in thils coefficient up to values of 4 to 5, or even
more. This coefficient must be reached in the case of the
failure of one engine, and for an ineclinatlon which is always
zero. This amounts in fact to values of 8 or 9 which are re-

quired with four motors under full power,

Such high 1ift coefficients were recently made possible by
the blowing capacity of motors having high dilution rates.

The STOL alrcraft type being consldered today 1s essentially
a high wing aircraft (the nearness of the ground forbids a)
CZ larger than 3), with four motors in nacelles. It has been
shown that a large deflection produced in the viecinity of the



horizontal fixed plane by the
high 1ift of the wing brings
about a horlzontal instabllity
if the thrust (and therefore
the 1ift) 1is increased. Also,

in all STOL aircraft projects,

as well as in low approach

velocity aircraft which are now

wf*"'L“i;;i:fi::jfwﬁ flyinnguch as the C8A Buffalo,
Chu.runore the elevator is preferably
g? mounted at the top of the

r

fixed directional plane.

.
=
(o}

- ’ | This location improves the
T 2 effectiveness of the elevator
and the effectiveness of the
. Teilon:Pe0®, b,m-50° i Cyp,=0 ' . rudder.|

(Rer: w.a.54. T.N.D. 6391]

Figure 1. STOL aircraft with
external blowing; 1ift curves
for various thrust coefficients.

The general definition of a STOL aircraft for the future
is as follows (Cook [T7]).|

- 50 to 150 passengers, a modest transport capacity for

allowing high frequency service;

- 750 to 1,100 km of action radius, in order to provide
relief for the shortest DC9, 727, 737 runs;

- cruise velocity of 0.7 to 0,8 Mach, This 1s in order
to attract passengers and will be efficient for longer
distances, and requires jet engine propulsion as well as

supercritical[ wing profiles;



- wing load of 4,000 to 5,500 Pascal* for the flight quality

during crulse and for the passengers' comfort;
- runway length of at least 610 metersﬂ
- low noise level as indicated previously.

The projects essentially differ with respect %o the
generation of the high 1ift. The three candidates are:

- internal blowing at the junction point of the flaps;]

- the "dummy wing", or open blown flap;

- external blowing.
Numerous comparisons of effective costs for the three
methods have been made, for example see [8]., The following

comments are limited to the aerodynamic aspects,

Internal blowing

In this method, the air is sucked into the motor and a
channel distributed along the span to the upper flap surface,
where 1t accelerates the flow and brings about supercirculation.
This method is the oldest one of the three, It has been tegted
and utilized in flights for many years in a limited way. Also
it has been used to prevent the separation of the flow along the
flap. The theoretical efficiencies have been reached but not

enough] for producing supercirculation,

Translator's note; 1 Pascal = 1 Newton per square meter,
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Figure 2. Reattachment criteria for the boundary
layer along an extended flap.



The required blowing coefficients* are not very high, from
2% to 10% depending on the chord length and the setting of the
flap. However, the 1ift coefficients do not go above the
1imiting theoretical values (a maximum of between 3 and 3.5).

These values could be acceptable for a first generation of
T0I, aircraft which utilize present day motors, having limited
bypass capaclity and with dilution rates between 2 and b (Eeheim,
[301), presentday:runwaysand]wing 1oads between 3,000 and 4,000
Pascal.

The theoretical problem which has not yet been resolved is
the prediction of the blowing necessary for preventing separation

along the flap.

A few empirical rules have been proposed for determining

the magnitude of the necessary blowing.

- in reference [9], Carriére and Poisson-~Quinton in 1958
showed that the curve (CZ, Cu) has an inflection point
for which CZ ig close to the theoretical value, and above
which the real supercirculation is measured. Boundary
layer studies at various points along the flap show
that this condition is satisfied when the ejected
sheet of air meets the boundary layer along the trailing
edge and imparts an additional momentum to it which
exactly compensates for its own momentum deficit. It is
interesting to note that the same boundary layer studies
show that for this value of blowing, the boundary layer

¥ o= ejected momentum
CH q.h ref,
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along the flap is not reestablished conforming with the velocity
profile of a normal non-separated flow. On the contrary, the

exponent of the usual velocity profile law remains very small

(%2) as Figure 2 shows. This fact explains why one cannot use Z&Z
available theoretical boundary layer results 1n order to solve

this problem.

- in reference [10], Schlichting proposed in 1965 a
similar criterion which also considered the momentum
deficit. However, the most important thing 1s to
caleulate the boundary layer over the flap., The
caleulation of the high velocity ejected air sheet
together with the boundary layer over the flap has
become possible because of new numerical mixing
methods. Basic tests must be performed in order to
develop an important theoretical model. Such test
programs are currently being performed in various
countries, Figure 3 shows a two-dimensional test for

a wing section in a low velocity wind funnel.

The model has a chord length of 2 meters and has flaps
with different curvatures, as well as blowing slots having
various thicknesses. Measurements are carried out of local
pressure and the boundary layer is investigated with probes,
The purpose of these tests 1s to provide mixing profiles for the
theoreticians which will be the bases of future prediction methods.
Photograph A in Figure 5 shows the inverted profile which a
worker is holding. Photograph B shows the flow over a flap
set at 50°, with and without blowing. Various slot thicknesses
must be tested, because combinations of thicknesses and ejection
velocities can lead to the same attachment condition. However,
there can be different noise characteristics. For example, a

pressure ratio of 2.6 produced by the ventilator stage of a

11



(ONERA 51 Ca WT)

Slot with variable height _

Ru.12m to . Ra.5m (¢ Neps)

Ramp with twe
yeries of holes
A AT
SRS Some -
W.T. tests by O.N.ERA. \(' angle
S (m
Figure 3. Two dimensional Figure 4. Tests of a 2 D
profile with tangential profile in S1Ca; details of
blowing on to extended the blower slot.

flaps, tested in the SL
wind tunnel at Cannes;
calculated pressure dis-
tributions,

ONERA W.T. 51 Ca. V=25m/s
Chord: 2.1 m . a=75°
flap engle : 50°

b) Flow on the

slot region D -
o) Worker setting the flap (upper view)
on the inverted model No blowing :

Flap. B.L. sepereted

ﬁt/g..e.z. Flap ’.,‘“ resttached O

Figure 5. Tests of a 2D profile in the S1lCa; photographs of
the installation and visualization of the reattachment at the
:flap by means of wool threads.
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turbojet with a blower results in a very noisy slot,

Tests with such large models which develcp increased degrees'&&ﬁ
of 1ift again impose severe problems on wind tunnel constructilon.
The wall corrections are large and the approximate formulas must
be improved. This is one of the goals of future research.

On the other hand, the large pressure gradients produced at
the wall can lead to separation, and slots are required in order
to reattach the boundary layer by blowing and three-~dimensional

effects must be taken into accecount.

The "augmentor wing'" method

This technique (Figure 6) was described in detail in [11; 8,
12] and uses split flaps. A number of nozzles are used to blow
alir through the central channel in the flap. The induction effect
produces a suction which sucks the boundary layer in the vicinity
of the flap tip. The momentum ejected is added to the momentum of
the primary jet (augmentation factor about 1.4), This is the

reason for the name "augmentor wing'".

This type of flap has a complex mechanical structure, The
present models consist of four parts with four different kinds of
kinematics. Also 1t 1s heavy and retraction. durilng flight
causes additional problems. High pressure blowers are required
(at present pressure ratios above 2.6 are used), and they are
also noisy. At the present time, almost full scale test programs
are being carriled out (Figure 7) in order to find ways of
suppressing the noise. Also research is being conducted on the
compromise between the high 1ift properties and the noise level,
The complexity of thls method makes 1t very necessary to have
theoretical prediction methods of the characteristics, The
development is only based on empilrical research, which is guite
delicate to perform and which is carried cut on the test stand

13
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Figure 6, '"Buffalo" aircraft with
"augmentor wing"; detalls of the
flap profiles in the extended and
retracted positions.

14

tl S T
! cs.s6has

AUGMENTOR-WING

A
\

SOUND
PRESSURE LEVEL

™

1048

A

Figure 7. Installation of
a dummy profile (augmentor
wing) for measuring the
sound.




and under flight condltions. A De Havilland C.8.A "Buffalo" was
recently modified for testing this concept in flight. The turbo-
Jets were, of course, replaced with ﬂpey motors. Therefore, it
was possible to deflect part of the flux to the "augmented" flaps.
Also it had articulated ejectlon nozzles for directing the thrust
in such a way as to directly increase the 1lift. A complete des~—
eription of this program is contained in references [13, 14]. It

will be carried out over the next few years,

The NASA has been engaged in the develcpment of two other i&g
STOL aircraft of the experimental type., These will fly in 1974,
It is the purpose of this program to obtain commercial STOL
transport capability and tactical capability beforé 1980, One
of these is of the "augmentor wing" type and the other is of fhe
external blower type. Each of these has to be easily transformed,
later on, to any other method of high 11ft, such as internal blow-
ing, tangential blowing, which was discussed previously, The '
NASA program assumes that gquiet motors will be available, which are
being developed at the same time. The two methods of internal
blowing and of the "augmentor wing" require complex interconnection
of channels along the entire span, in order to sclve the problem
of the failure of one engine and in order to provide zero roll
in spilte of the loss in 1ift, for the case where one engine fails
completely. In addition, it is absolutely necessary to install
complicated flaps in the leading edge or blower slots, because
hypercirculation is accompanied with overvelocities and compressions

in the vicinity of the leading edge.

This merging of the propulsion system and the aerodynamic

features represents one fundamental aspect of these concepts,

15



External blowing

Recently large dilution engines have been built together
with low pressure compressors. It then becomes possilble to
provide 1ift by direct blowing on flaps containing multiple
slots. Figure 8 shows one of the numerous tests in the NASA
wind tunnel. The model is particularly complicated because
it contains real small blowers which are to scale, as well as
numerous blower channels, even at the leadling edge of the
elevator flap.

However, thils method also involves serilous problems:

- the high velocity airjet which hits the flap system is
a noise source, Figpure 9 shows a noise suppression test

for measuring the spatlal noise spectrum;

- the theoretical prediction of high 1ift produced in a
given configuration cannot be predicted by theory, even
for the simplest case, the two-dimensional case. This
is because there is no theoretical model for the circu-
lation produced by the jet around a wing containing
flaps;

- an engine failure is translated into a local loss 1n 1ift
and a rolling moment which cannot be ignored and which
must be controlled by differential settings of the flaps,

This safety requirement 1s added to the other safety
margins included in the F.A. regulations which control the
veloeity and the incidence angles, Consequently, the maximum
1ift coeffiecients must be much higher than the values used during

landing.

16
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b) External blowing model (NASA Langley

Figure 8

o T RR

ower model with deflected propellers (NASA Ames)

ﬂh

. Large scale tests of STOL aircraft,

This problem led to numerous tests in the wind tunnels for

determining
minimize th
research pr
the body.

the optimum configuration of the motors in order to

e roll problem. Figure 10 shows an example of one such
oject, carried out by the O,N.E,R,A, for one~half of
It can be seen that the 1ift increase provided by the

jet does not extend over the entire span. Another result (Figure

11) is that
placed much
that one of
impact axis
this factor

the application point of the 1ift resultant is dis-~

less than the location of the jet, Figure 12 shows

the important parameters is the position of the jet

with respect to the flap slots. At the present time
is not predictable by theory, Recently, in the

United States, a proposal was made to locate the engines above

the wing in

order to directly blow on the top surface of the flap.

However, this configuration will certainly aggravate the conditions

i
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Figure 9. Mounting of a
wing element with
external blowing for
sound measurements.
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of the flaps is required.

in the case of engine failure,

There are many of these
parameters and probably there are
some which have not yet been

discovered.

The following have been
discovered:

The nose heaviness moments
associated with the high
1lift are very large and
require a very powerful
and fast response of the
In fact, there
may be blowers on the

elevator,

elevator flap as well;

The roll control is also
important in order to pro-
vide flight safety in the
case of failure of one
engine, Here again, a

powerful and fast response

This means that specially de-

signed flaps and control systems will have to be used,

which will be able to respond to the sudden decreases in

performance of one motor.

The low descent velocities result in large fluctuations

in the angle of attack and in trim angle if there are

gusts,

Wind tunnel tests and flight tests must include

/51
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configurations which willl vary
these angles by 30° each, in

order to make sure that the
large roll angles at large 1lnci-
dence angles wlll not endanger

the aircraft.
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- At the present fime 1t 1s
realized that the nolse studies

= Bleed . roatio:
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|
| carried out outside are not
l
I
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Huir bady \ ;@“‘;— realistic. The O.N.E.R.A. will
on ¢ Wi . /.-'
Ry el build a new configuration and
' |U'-‘9}.5\

Haltow strut [48(AR ) a wind tunnel having an anechcid
experimental chamber with an

area of 184 x 20 m?2 and a length

Figure 10. Studies of . .
external blowing in the of 8.5 m. The maximum velocity

S1 Cannes wind tunnel; will be 180 m/sec.
local 1ift coefficients
in the span direction.

Transonic| problems

There are many reasons for using thieck wings: high 1ift,
the space required for the retraction of complicated flaps,
space for complex and interconnected channels, fuel, the require-
ment for lightening structure. At the present time, values of

15-17% are being considered.

The thickness and the velocity requirements (0,7 <M, <0,8)
have been made compatible by the introduction of thé supercritical

profiles.
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Two types of such profiles are planned, One is called the |
peak ("peaky") profile because of the supersonic veloclty peak in|

the vicinity of the leading edge, which 1s followed by a very
slow recompression and without any shocks, This type of
research has been carried out by the N,P.L. (England) group of
aerodynamicists under the direction of H. Pearcey.

The other type of profile is called "supercritical™ in the
American literature, even though both types are supercritical,

20
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There i1s a flat bottom side over whichthe flow is supersonic, with
very fast recompression. Sometimes there is a moderate shock

along the rear part of the profile. Figure 4 compares the pressure
distributions over two profiles of each type, The measurements
were carried out at the O.N.E.R.A. for the same Mach number and

for the same 1lift coefficient: M = 0.8, C_ = 0.2.

For the same flight conditions (M,CZ), the two profiles have
very different nose-down moments: The second type has a center of /52
pressure which 1s very far back (60% to 70%), compared with
25% for the "peak" | type. This results in a corresponding relo-
cation of the center of gravity during cruilse for an STOL air-
craft with straight wings or wings with a slight degree of sweep-
back and with a profile with a flat top surface, Consequently the
flutter characteristics are of a very peculiar nature, This
leads to important research for the future,

A discussion of a few theoretical difficulties involved in
the calculation of supercritical profiles will be discussed in

the appendix.
The problems discussed previously rarely lead to theoretical
solutions. Consequently it 1s necessary to improve the wind

tunnel test technlgues,

Takeoff] and landing

In order to carry out the study of configurations during
takeoff | and landing, it 1s necessary to have low veloclty wind
tunhels with the following featuresj

- microengines which will make it possible to correctly
simulate the ejection velcclties of large dilution engines;]

22
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- the wall corrections must be known for 11ift coefficients
two or three times larger than conventional values of the
past. Also devices must be avallable for preventing
separation from the walls. Because of this, the tests

must be carried out in larger instalilations;

- giimulation of vertical and horizontal gusts,

Such systems are presently being built in several countries, /53
Figure 15 shows installations developed for the sonic SIMA wind
tunnel at Modane. The test section has a diameter of 8 meters
and the velocities can vary between 0 and Mach 1. In this, an
STOL model with a span of 4 meters will be subjected to all the
classical tests for aerodynamic forces; the moments and thelr
derivatives. In addition, it wlll be possiblé to simulate lande
ing and take off conditions by displacing the support, with
a vertical amplitude of 3,5 meters and a descent rate or ascent
rate which is to scale. A special flap installation is placed
upstream of the test section, as shown 1in Figure 16. It will
then simulate the gusts to scale. Control of the diffuser is
also provided in order to simulate longitudinal gusts. Finally,
in order to avoid separations of the boundary layer on the ground,
usually observed during high 1ift model test simulations, lower

slots will be arranged as shown in Figure 17.

This series of improvements made to this wind tunnel will

make it possible to carry out STOL tests beginning in 1974.

Cruise configuration

At the present time it is possible to carry out cruise con-
figuration tests at a Mach number corresponding to crulse flight
conditions, with local supersonic flow, but the Reynolds numbers

are too small and there are significant differences between the
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Berail of o blowing unit, placed at o ponel junction

851 Modane wind

tunnel; blowing of the
boundary layer from the
ceilling for testing
STOL aircraft.

nose~down moments observed

in flight and measured in the
wind tunnel. This was des-
crited in the publications
(C54), C141).
attributed to a difference

in the position of the

This was

shocks along the ftop side,]
which itself was caused

by the incorrect simula-

tion of turbulent boundary
The fact that the
high Reynolds numbers

layers,

could not be simulated for
transonic conditions 1led
to the formation of an
international group of exp~
erts, called the "Ws group"
(stands for lLjarge Wind

Tunnels),

This group will formulate specifications and requirements

for new installations with large dimensions and which operates

at high pressure levels (5 atmospheres, or greater),

This will

only be part of the solution because the models will be subjected

to very large forces,

For example, the model of a large modern

jet engine with a span of 470 mm and tested at Mach 0,84, with
a 1ift coefficient of 0.55, will produce a 1lift of 270 kg for
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Figure 18. Supercritical
profiles tested at the NRL
(Holland); calculated and
measured pressure distri-
butions for zero lncidence,

a generating pressure equal
to 5 atmospheres, It is
especially important to
make sure that the model
retains its shape and twist,
especially in the super-
eritical range. It 1s
particularly important to
know exactly what profile 1is
being tested for transonic
velocities, where the
velocity flield depends

very greatly on the local
shape. This condition is
even more strict for super-
critical profiles being
studled at the present time,

because it has been found that small construction imperfections

can be translated into large flow velocity field variations.

New materials and new construction techniques, as well as new

gerodynamic balances,will be necessary for carrying out the

important measurements under these conditions.

Important fundamental results are also required regarding

the question of wall corrections for permeable walls in transonic

tunnhels,

In the past, experimenters limited the obstruction

ratio,which is the ratio of the frontal area to the area of the

test section, to values less than 17%.

The veloecity gradients pro-

duced in the test section by the small aspiration through the
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porous walls were dellberately assumed to be negligible, Tran-
sonic aircraft of the last 15 years were very tapered, with

™~
ATl
=

relative wing thilcknesses of between 4 ~ 7%.

|

Today, things have changed completely, Two~dimensional
wings wilth a relative thickness of 17% are at the present time
being tested in transonic wind tunnels. The obstruction ratio
can reach 5% and the aspired mass flux can reach 12%, This means
that there is a high degree of uncertainty in representing such
conditions. The old discussion about slots and holes and about
their number, dimensions and inclinations will now give way %o
a strict investigation of the problems of the basic wall correct-
ions and the appropriate limiting conditions,

Several teams are taking an active part in these important
research projects. We will see enormous progress in this area in

the next few years.

Coneclusion

In future years, the development of STOL alrcraft will
pose well-defined problems to the aerodynamiecist. The research
is interesting, difficult and progress will be made in many

areas.

The widely accepted utility of this new type of aireraft
wlll guarantee its success with the public. At the present
time the resources are small but they are increasing. This
project again shows that 1t is again necessary to completely
integrate aerodynamicists in multidisciplinary teams, because
propulsion, noise, aircraft regulations will greatly influence
aerodynamic concepts. This will require new research and new

equipment.
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Some comments regarding the difficulties
of ecalculating transonic flows

It is impossible to give a quick treatment of the calcula~
tion of transonic flows,because this without doubt will be the

object of much important research in future years.

A good presentation has been given by H, N. Pearcey [15].
The fundamental ideas which are the basis of the development of
supercritical profiles without shocks are explained in a very
clear way, such as has never been done before, He dlscusses the
nature and intensity of the expansion and compresslion line network
which characterizes the supersonic region of a profile, He also
explains how the local curvature of thé profile results from the
difference between the angles made by these lines, Thus the flow
will recompress without shocks i1f the compression and expansion
waves in fthe supersonic region have an intensity such that they
will cancel each ofther. The i1dea 1s therefore presented in a
clear way, but the transfer to the calculatlion stage leads to
various types of difficulties: theoretfical difficulties, calcula-
tion difficulties and even financial difficulties.

A comparison of the various existing methods was made by
Cole [16] in the case of a two-~dimensiocnal transonic flow, He
discusses two hodographic methods for flows without shocks, and
two methods in the physical plane for flows with shocks, A
5th method, which is a relaxation method using mixed type of
equations, is discussed in more detall in the same article,

This article 1s very dense and cannot be summarized, but it 1is
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possible to draw a few conclusions here,.

As far as the direct hodographic method is concerned, one
starts with the linearity of the equatfions for calculating
particular solutions, and the desired form is derived. The
case of non-zero 1ift is possible, but it i1s not as simple,
However, the solution 1s given in terms of hypergeometric
functions of higher orders. These are difficult to calculate
and these are series with slow convergent propertieé. Even|
using a very powerful computer such as the Telefunken TRY,
and using algorithms for accelerating convergencel, 1t required
18 hours of machine time for establishing a function table up
to order of 100. It then took 15 minutes to calculate a pro-
file. The profile was given by coordlnates and two derivatives

at 40 poilnts.

~
\J1
\JT1

Another hodographic method was developed by Korn and uses

complex characteristics. This method required six minutes with
a CDC 6600. The subsonlc part, which determines the charac—l
teristice by means of 200 points, requires 20 seconds but the
central memory must store 40,000 words of 60 bits at each. The
supersonic region uses U400 points along each characteristic and
takes two minutes for an accuracy of 4 digits.

The "function of time'" method of Magnus and Yoshihara
assumes isentropic flow, Figure 18 compares the flow without
a shock calculated by such a method with that obtained by the
NPL (circles) and at Amsterdam (triangles). One finds a wavi-
ness indicated by dashed lines which is caused by numerical
factors, which indicates that there 1s a shock which is the
result of an insufficient definition of the velocity peak at
the tip. A non-zero 1lift case was calculated, This was for the
profile NASA 64 A 410 at 4° of incidence., In this case, the
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network involved 3700 points,

and 530 calculation steps
ittt vl Nt were necessary for convergence
to a sufficlently stable
o result, that is, 2.2 hours

on the CDC 6400,

THEOQRY

FIXED AND NATURAL
TRANSITION

07

The main feature of the
oe problem is the large number
' of points required in the
region of the leading edge.

6 Cole published his own

method based on a relaxation

Mo =709 |
@ =1sDECR. process., The method fails in

0 0.2 04 0.6 o 10 the supersonic region, and a

system of local differences

1s used, after testing whether

-n ———~—~—~—*—_‘;::::::::EE" the velocity i1s subsonic or

supersonic. The method re-~

quires 30 minutes on a

Figure 19, Supercritical 360/44 and much less on a
profiles tested at the NRL
(Holland); caleculated and CDC 6600,

measured distributions for
the incidence angle (o = 3,6°),

When one reads these comments, one has the Impression that
these calculation problems are quite delicate and the theoretical
rigor 1s compromised in order to accelerate the convergencel. When
commenting on these methods, the author himself puts the word
"solution" within guotation marks in an e[loquent manner. An
interesting remark was made by Boerstel at Amsterdam [17], If
Figure 19thich shows the calculation results of a supercritical
pressure distribution at Mach 0.709 at 3.6°jis compared with
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the corresponding wind tunnel tests, there 1s a weak shock, On
a strioscopic photograph, the shock is stable if the exposure
time is 1/250 seconds, but a serles of bursts separated by 10-8
seconds shows that there is a group of moving shocks! Recently
Nieuwland [18] gave a brief but wide ranging summary of the
development of transcnic profiles without shocks.

A few of the calculated profiles or the empﬂrically defined
profiles are very sensitive to small variations in incidence or
Mach number. In this area, just like in many other areas of
aerodynamics, the best optimization will be a complicated compro-
mise between peak performance and a regular response under non-
nominal conditions. On the other hand, the difficulties encount-
ered in the calculation of complex non-~viscous flows will not hide
the fact that the real flow is viscous, that stable physical
solutions can exist, as empirical research has demonstrated,

See Figure 13 of Pearcey.

At the present fime, the theoretical work 1s devoted to the
study of the external flow in the presence of the boundary

layer.
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